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(54) ELECTRIC HEATING ELEMENT AND ELECTROSTATIC CHUCK USING THE SAME 



(57) In order to eliminate the drawback of an electric 
heating element formed on an insulating ceramic sub- 
strate so that the element is brittle and becomes soft at 
a high temperature, an electrically heat-generating 
material film having a microstructure composed of a sil- 
icide alone, a mixture of silicide and Si. or Si alone is 
fused to the surface of a nitride or carbide ceramic insu- 
lating substrate. 

In order to provide an electrostatic chuck by which 
the temperature of an electrostatically chucked object to 
be treated, such as a semiconductor substrate, is 



quickly and precisely controlled, a heating mechanism 
is coupled with the bottom face of an electrostatically 
chucking mechanism provided with a dielectric ceramic 
and electrodes formed on the bottom face of the 
ceramic, and a cooling mechanism is coupled with the 
bottom face of the heating mechanism. The heating 
mechanism has a fusable electric-heating material film 
between two ceramic insulating substrates having the 
same or nearly the same coefficients of thermal expan- 
sion. The films is fused to the substrates. 
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Description 
[TECHNICAL FIELD] 

5 [0001] The present invention relates to an electric heating element and, more particularly, to an electric heating ele- 
ment having a structure comprising a ceramic insulating substrate and an electrically heat-generating material film, said 
film being fused to the surface of said electric insulating ceramic substrate. 

[0002] The present invention also relates to a structure of an electrostatic chuck and. more particularly, to a structure 
of an electrostatic chuck capable of quickly and precisely controlling the temperature of an electrically chucked material 
10 to be treated, such as a semiconductor substrate. 

[TECHNICAL BACKGROUND] 

[0003] In the field of electric heating elements, it is known that a planar heating element having less temperature var- 
75 iation can be obtained by forming a heater circuit on a ceramic plate having high thermal conductivity. Such a heater, 
referred to as a ceramic heater, is required to have the following characteristics. 

(1) High adhesion strength between the circuit and the ceramic material 

(2) Heater circuit material having high oxidation resistance and applicability at high temperatures 

20 (3) High heat generation density of the heater, namely a high value of resistance of the heater circuit. Most impor- 

tantly, possibility of production of large heaters with a low cost. 

[0004] However, there are only the following two types available at present. 

25 (1) A heater comprising a circuit made of an electric-heating metal and a previously sintered ceramic plate, said 
circuit being baked on said ceramic plate. 

This type has such a structure that a circuit pattern is formed by sintering a paste made by mixing glass into a 
powder of a noble metal such as platinum, platinum alloy or silver. This type has the following drawbacks. 

30 (1 ) This type is limited to the type wherein the circuit pattern is baked only on one side of the ceramic substrate 

(single-side baking). Because the surface with the circuit formed thereon is exposed, it is necessary to insulate 
this portion depending on the application. 

(2) Adhesion strength of the electric-heating circuit is low and tends to peel off. 

(3) Maximum operating temperature is limited to the melting point of glass used as the binder, with the operat- 
es ing temperatures 400 to 500 C at most, and operation at a high temperatures above 1000 C is prohibited. 

(2) A heater made by integrally baking an electric-heating circuit at the same time when the ceramic substrate is 
sintered. 

This type has a structure obtained by printing a circuit pattern of a powder paste of a metal having high melting 
40 point such as tungsten on a green sheet of a ceramic substrate, laminating another green sheet on the printed cir- 
cuit and integrally sintering them under pressure. The resultant structure is a structure wherein an electric-heating 
circuit is incorporated between the ceramic plates (double-side baking). 

Although this structure eliminates the drawback of the type (1). namely exposure of the electric-heating circuit, 
there arise the following problems. 

45 

(1) Because the circuit must be covered by the ceramic, the circuit cannot be formed near the peripheral edge 
of the element, resulting in lower temperatures near the edges. Thus, it is difficult to achieve uniform tempera- 
ture distribution. 

(2) This type of thin planar shape Is subject to a warp during sintering. Pressurized sintering is required to 
50 obtain a heater element without warp. 

This method essentially involves the problem of deformation taking place during sintering of the ceramic 
material, and it is difficult to obtain a large-sized sintered article without deformation. A three-dimensional 
structure cannot be produced. This method requires it to use a die. leading to extremely high costs when pro- 
ducing articles In a small lot 

55 (3) Electric-heating metals are limited to high melting point metals such as tungsten and molytxJenum. which 

do not melt at the sintering temperature of the ceramic. Tungsten and molybdenum have a drawback of ten- 
dency to oxidize, and the ceramic material that encloses the electric-heating circuit is required to be free of 
defects and completely air-tight. It is difficult to use in the air atmosphere at a high temperature overalong 
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period of time. Tungsten and molybdenum have another problem that the electric resistance and heat genera- 
tion density of these metals are low. The ceramic heater has such problems as described above. 

[0005] Meanwhile, it is well known that silicides represented by molybdenum disilicide (MoSia) have very high oxida- 
5 tion resistance and can be used in electrical heating operation at high temperatures in the air atmosphere. 

[0006] Largest drawback of the silicide heat-generating material is that it is very brittle. Because of the brittleness. 
silicide is usually mixed with glass powder and the mixture is sintered to form a plate or rod having greater mechanical 
strength. However, use of glass as a binder gives rise to a problem with regard to the heat resistance. Also silicide itself 
has an intrinsic problem of softening at high temperatures, causing the heater element to defonn and droop. 
10 [0007] In the field of electrostatic chucks, on the other hand, plasma processing of semiconductors is required to be 
more minute and have higher accuracy as the scale of circuit integration increases. 

[0008] In order to achieve extreme miniaturization and higher accuracy of plasma processing, the temperature of 
plasma processing is a very important factor. In the producing facilities in use at present, however, silicon wafers to be 
processed are only cooled to prevent overheat (etching process) and accordingly film forming process (CVD) is carried 

15 out at a lower temperature leaving the temperature rise during the process without intervention. 

[0009] The present situation is as described above, which does not mean that the importance of temperature control 
is not recognized, but because there is no method available for controlling the temperature economically at a desired 
rate. Although precise temperature control is possible in a laboratory without economical considerations in terms of pro- 
ductivity, there is no method of quick and precise temperature control applicable to production lines, capable of quickly 

20 setting an optimum temperature for individual film material to be processed without decreasing the productivity. 

[0010] Solving the problems described above requires a method of quickly regulating the temperature according to 
the speed of the production process. Namely, it is necessary to quickly and continuously regulating the temperature 
without decreasing the production speed. 

[0011] Besides the plasma processing, there are such demands as quickly heating up to a predetermined tempera- 
25 ture and quickly cooling down after heating, in order to increase the rate of operation of the facilities. 
[001 2] Such demands also call for quickly and continuously regulating the temperature. 

[001 3] In the case of a vacuum processing, on the other hand, moisture is adhered on the surface of the object to be 
treated. In order to quickly attain the desired vacuum degree, the object may be heated but there is no method of quickly 
heating only the object. 

30 [0014] Under these circumstances, the present invention has been made for solving the above problems and an 
object is to provide an electric heating element having a novel structure which: 1) can be applied to either double-side 
baking type or single-side baking type of the electric-heating circuit by using a ceramic material which has previously 
been sintered as the substrate, 2) can solve the problem of deformation of the ceramic during sintering without requiring 
pressurization, 3) assures high adhesion strength between the circuit and the ceramic, 4) has excellent oxidation resist- 

35 ance and can be used in the air atmosphere at a high temperature. 5) allows it to produce large-sized articles or those 
having three-dimensional structures, and 6) has a high electrical resistance and a high wattage density. 
[0015] The present invention also provides an electrostatic chuck having a novel structure capable of adsorbing and 
fixing semiconductor substrates and other objects to be treated, and quickly and precisely controlling the temperature 
to a predetermined level by quickly heating up or cooling down. 

40 

[DISCLOSURE OF THE INVENTION] 

[0016] The above problems of the electric heater element can be solved by the following means. That is, the electric 
heating element of the present invention is characterized by having a structure comprising an electric insulating nitride 
45 or carbide ceramic substrate and an electrically heat-generating material film having a microstruclure composed of a 
silicide alone, a mixture of a silicide and Si, or Si alone, said film being fused to the surface of said electric insulating 
ceramic substrate. 

[0017] Also, the electric heating element of the present invention is characterized by having a structure comprising 
electrically heat-generating material film which is fused on an electric insulating ceramic substrate, the film containing 
50 an active metal in the amount of not less than 0.5% on the surface and an having a microstructure composed of a sili- 
cide alone or a mixture of a silicide and Si. said film being fused to the surface of said electric insulating ceramic sub- 
strate. 

[0018] In the construction of the above electric heating element, it is preferred that the ceramic substrate is an alumi- 
num nitride ceramic and the electrically heat-generating material has a microstructure composed of a mixture of silicide 
55 and Si. 

[0019] It is also preferred that the ceramic substrate is a silicon nitride ceramic and the electrically heat-generating 
material has a microstructure composed of a mixture of a silicide and Si. 

[0020] It is also preferred that the ceramic substrate is a silicon carbide ceramic and the electrically heat-generating 
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material has a microstructure composed of a mixture of a silicide and Si. 

[0021] In the construction wherein the electric insulating ceramic substrate having a film thereon which contains an 
active metal in the amount of not less than 0.5% on the surface, the ceramic substrate is preferably an oxide ceramic. 
[0022] It is also preferred that the oxide ceramic is an alumina ceramic and the electrically heat-generating material 
has a microstructure composed of a silicide. 

[0023] The above problems about the electrostatic chuck can be solved by an electrostatic chuck having the following 
staicture. 

[0024] That is, the electrostatic chuck of the present invention is characterized by: 

1 . having a structure conrprising an electrostatically chucking mechanism provided with a dielectric ceramic and 
electrodes formed on the bottom face of said ceramic, and a heating mechanism coupled with the bottom face of 
said electrostatically chucking mechanism, said heating mechanism having a structure comprising two electric 
Insulating ceramic substrates having the same or nearly the same linear expansion coefficients and a f usable elec- 
tric-heating material film interposed between said substrates, said film being fused to said two substrates; and 

2. having a structure comprising an electrostatically chucking mechanism provided with a dielectric ceramic and 
electrodes formed on the bottom face of said ceramic, a heating mechanism coupled with the bottom face of said 
electrostatically chucking mechanism, and a cooling mechanism coupled with the bottom face of said heating 
mechanism, said heating mechanism having a structure comprising two electric insulating ceramic substrates hav- 
ing the same or nearly the same linear expansion coefficients and a fusable electric-heating material film inter- 
posed between said substrates, said film being fused to said two substrates. 

In the above constructions, 

3. two ceramic substrates of the dielectric ceramic and the heating mechanism are respectively an aluminum nitride 
ceramic; and 

4. the electric-heating material is a metal having a microstructure composed of a mixture of silicide and Si. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

30 Fig. 1 Is a schematic drawing for explaining one embodiment of an electric heating element of the present Invention. 
Fig. 2 Is a schematic drawing for explaining another embodiment of the electric heating element of the present 
invention. 

Rg. 3 Is a schematic drawing for explaining still another embodiment of an electric heating element of the present 
invention. 

35 Fig, 4 Is a schematic drawing for explaining the Example of the electric heating element of the present Invention. 

Rg. 5 Is a schematic drawing showing one example of a heater circuit of a iused metal of the electric heating ele- 
ment of the present Invention. 

Rg, 6 is a cross sectional view taken along lines A-A of Fig. 5. 

Rg. 7 is a schematic drawing showing one example of a production process for the structure shown in Fig. 6. 
40 Rg. 8 Is a schematic drawing for explaining a structure for preventing short-circuiting of a heater circuit. 

Fig. 9 Is a schematic drawing for explaining a sealing structure at the end face of a ceramic. 

Fig. 10 is a schematic drawing for explaining a structure with a terminal connected to the end of a heater circuit. 

Rg. 1 1 Is a schematic drawing for explaining a structure with a terminal connected to the end of a heater drcuit. 

Rg. 12 Is a schematic drawing for explaining a structure with a lead wire connected to the end of a heater circuit. 
45 Rg. 13 is a schematic drawing for explaining the Example of an electric heating element of the present invention. 

Fig. 14 is a schematic drawing for explaining the Example of an electric heating element of the present invention. 

Rg. 15 is a schematic drawing for explaining the Example of the present invention. 

Rg. 16 is a schematic drawing for explaining the Example of the present invention. 

Rg. 1 7 is a schematic drawing for explaining a basic structure of an electrostatic chuck of the present Invention (a 
50 dielectric ceramic is a sintered material). 

Fig. 18 is a schematic drawing for explaining a basic structure of an electrostatic chuck according to the present 
Invention (a dielectric ceramic is a film). 

Rg. 19 Is a schematic drawing for explaining a basic structure of an electrostatic chuck of the present Invention (a 
cooling mechanism Is coupled with the structure shown In Fig: 17). 
55 Rg. 20 Is a schematic drawing for explaining a basic structure of an electrostatic chuck of the present invention (a 
cooling mechanism Is coupled with the structure shown In Fig. 18). 

Rg. 21 Is a schematic drawing for explaining a structure of an electrode in case where a dielectric ceramic Is a sin- 
tered material. 
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Fig. 22 is a schematic drawing for explaining a structure of an electrode in case where a dielectric ceramic is a sin- 
tered material. 

Fig. 23 is a schematic drawing for explaining a structure of an electrode in case where a dielectric ceramic is a sin- 
tered material. 

5 Fig. 24 is a schematic drawing for explaining a structure of an example of an electrostatc chuck of the present 

invention. 

Fig. 25 is a schematic drawing for explaining a structure of an example of an electrostatic chuck of the present 
invention. 

Fig. 26 is a schematic drawing for explaining a structure of an example of an electrostatic chuck of the present 
10 invention. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0026] The electric heating element of the present invention will be described below. 
75 [0027] Typical examples of the nitride and carbide electric insulating ceramics are aluminum nitride ceramic, silicon 
nitride ceramic and silicon carbide ceramic. The nitride and carbide electric insulating ceramics of the present invention 
include aluminum nitride ceramic alone, silicon nitride ceramic alone and silicon carbide ceramic alone, and composite 
ceramics of these ceramic and other nitrides, carbides, borides and oxides. 

[0028] Among these nitride and carbide ceramics, aluminum nitride, silicon carbide and composite ceramics of these 
20 ceramic materials have excellent thermal conductivity, and are therefore most preferably used as a substrate for an 
electric heating element. 

[0029] In case of a double-side baking type electric heating element comprising two ceramics as the substrates and 
an electrically heat-generating material film, which is interposed and fused between two ceramics, two ceramic sub- 
strates may not necessarily be made of the same ceramic material but preferably have near equal values of linear 
25 expansion coefficient. 

[0030] Except for elements that form a homogeneous solid solution with Si, e.g. Ge. almost all of metals react with Si 
to form silicides. 

[0031] Assuming an element X reacts with Si to form a silicide, the microscopic structure of X-Si alloy changes as 
described below with the change in SI content. 

30 

(1) As the Si content increases gradually, a first silicide is formed at a certain conrposition. Let this composition be 
Si(1). In the region of composition where Si < Si(1), a silicide phase of metal X is mixed in tiie matrix of metal X, or 
a silicide phase of metal X is mixed in the matrix of metal X which contains some of Si incorporated therein. 

(2) As the Si content increases over that of Si(1), silicides of different compositions appear successively. With Si 
35 contents greater than a certain composition Si(2), an eutectic of silicide and Si is formed. Si(1) is the silicide most 

rich in element X, and Si(2) is the silicide most rich in Si content. Composition in a region Si(1) <= Si<= Si(2) is one 
kind of silicide or two or more cilicides mixed. 

(3) Composition in the region of Si content over Si(2) below 1007o Si. namely Si(2) <Si <Si(100%), Si and silicide 
coexist. 

40 (4) When the composition is 100% Si, the material becomes polycrystal of Si. 

[0032] Even when a third element, a fourth element, a fifth element, and so on are added to the two-element system 
of X and Si, such a basic skeleton of the material that silicide is included in the matrix remains unchanged. That is, at 
least the silicide (or composite silicide) does not disappear from the matrix while either the third element, the fourth ele- 
45 ment, the fifth element, and so on are incorporated into the matrix, incorporated into the silicide to form a composite 
silicide, or form other compound thereby to crystallize or precipitate in the matrix. 

[0033] In this specification, the term silicide is used to mean pure silicide and composite silicide collectively. 
[0034] Compositions of a part of the region (1) (Si >=5%) and in the regions of (2), (3) and (4), when molten, wet 
nitride and carbide ceramics and fused thereto. 
50 [0035] For the electric heating element, the composition of the fusible region of (1 ) (Si >= 5%) and in the regions of 
(2). (3) and (4) can be used. The compositions of the regions of (2), (3) and (4) are particularly preferable. 
[0036] The compositions of (2), (3) and (4) have the following advantages in addition to the fusibility with the electric 
insulating nitride and carbide ceramics. 

55 1. Linear expansion coefficient is within the range from 4 to 8 x 10"^ (4 to 6 x 10"^ for the compositions of (3) and 

(4) , especially) which can be controlled by changing the silicide content, thereby to achieve matching with the 
ceramic material of the substrate. Therefore, a thermal stress in the fused interface is minimized and stability at 
high temperatures is good enough to prevent peel-off of the heater element. The range of the compositions of (3) 
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and (4) have an advantage of lower melting points and hence lower fusing temperatures. Although silicide has such 
a drawback for the use as a heater element as the tendency to soften and deform at high temperatures (about 1000 
C or higher), fusing with a ceramic material prevents deformation and causes the stress at the interface of fusing 
to be relieved, thus turning the drawback into an advantage. Thus it can be said that silicide or a metallic material 
5 including silicide is very preferably used as a film to be fused with a ceramic material for making a heater element 

used at high temperatures. 

2. High oxidation resistance in air atmosphere at high temperatures (above 1000 C). The compositions of (2), (3) 
and (4) have higher oxidation resistance in air atmosphere at high temperatures than the compositions of (1), 

3. High electrical resistance makes shorter resistor circuit possible, so that a heater having higher wattage per unit 
10 area can be made. 

[0037] For the reasons described above, the electric heating element is preferably made from the compositions of (2), 
(3) and (4) rather than the region of (1), and the compositions of (3) and (4) are particularly preferable. 
[0038] Because the composition of (1) has higher thermal expansion coefficient and lower electrical resistance, thln- 
15 ner film is necessary in order to decrease the thermal stress and increase the electrical resistance. The film thickness 
is preferably 20 micro meter or less and most preferably 1 0 micro meter or less. Fused film thicker than 20 micro meter 
tends to peel off. 

[0039] For the element X in the X-Si alloy. Cr, Mo, W, Fe, Ni. Co, B, P and active metal, and Pt, Pd, Rh. Ir. Cu, Ag and 
other silicide forming elements may be selected depending on the application. One or more of these elements may be 

20 mixed as required. Adding two or more elements, for example, is effective in achieving silicide of finer microstructure. 
[0040] While the quantity added may be determined freely within such a range as the compositions of (2) and (3) can 
form a microstructure, namely in the range of forming silicide, and in a range of forming silicide and Si, the most prefer- 
able range is the range where the compositions of (3) form a microstructure. namely the range where silicide and Si 
coexist. The range of (3) is advantageous in that the linear expansion coefficient and electrical resistance can be con- 

25 trolled by changing the composition of silicide in the microstructure and the melting point is low enough to fuse with the 
ceramic material at a lower temperature. 

[0041] Based on the above discussion, what is particularly preferable among the elements listed above are active 
metals. 

[0042] Elements other than the above may also be added as far as it does not change the microstructure. For exam- 
30 pie. such elements which are solid-solubilized into Si to decrease the electrical resistance or which penetrates into sil- 
icide to change the characteristics (electrical resistance, linear expansion coefficient, melting point, etc.) of the silicide 
may be added as required. 

[0043] In the manufacture of impurity semiconductors, a trace amount (in the order of ppm or ppb) of metals having 
three or five valences are added to high-purity Si in order to make p-type semiconductor or n-type semiconductor, which 

35 is effective also in the case of the present invention. That is, the technique of adding a trace amount of element having 
three or five valences to Si which constitutes a part of microstructure thereby to change the electrical resistance is also 
effective in controlling the electrical resistance of the fused film in the present invention. The electrical resistance can 
also be effectively decreased by using an Si material used in casting which includes trace elements (Fe. P, Al. C, etc.) 
in the Si material. It is also effective, as a matter of course, to add small amounts of elements having three or five 

40 valences such as B, Al and P or other elements to high-purity silicon material thereby to control the electrical resistance. 
Both B and P are solid-solubilized into SI in a trace amount and also form silicide. 

[0044] Although Si is intrinsically a semiconductor and has a very high resistance, trace elements added thereto as 
impurities significantly increase the conductivity of Si, and therefore Si material including trace elements such as those 
described above is rather preferable. Good examples of the elements which infiltrate into silicide and change the char- 
45 acteristics (electrical resistance, linear expansion coefficient, melting point, etc.) of the silicide include Al which infil- 
trates MOSi2 to form composite silicide (M05Al3)Si2. In this case, melting point of MOSi2 decreases from 2060 C to 
1800 C. 

[0045] Ge, an element having properties similar to those of Si, does not form a silicide with Si and is capable of form- 
ing a homogeneous solid solution at any ratio, and can be added as required thereby to effectively control the melting 
50 point and/or electrical resistance. 

[0046] Because an active element is an element capable of accelerating wettability ceramics and diffusion V, Nb, Ta. 
Ti, Zr. Hf, Y, Mn, Ca. Mg. rare earth elements, aluminum and other elements are referred to as active elements in the 
present invention. 

[0047] When an active element is added to Si. wettability is significantly increased with wetting angle decreasing. As 
55 a result, it makes it possible to decrease the thickness of the fused film, thus having a significant effect of increasing the 
electrical resistance. It also improves strength of adherence by fusing. 

[0048] Although effect of improving the wettability can be obtained by adding an active element to a concentration as 
low as 0.1%. adding 0.5% or more is preferable in order to obtain practical effect. 
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[0049] In a binary alloy of Si and an active metai. increasing the content of the active metal decreases the relative 
content of Si. In case resistance against oxidation in the air atmosphere is required. SI content is preferably 3% or 
higher, and most preferably in the region of (2) and (3), namely the region of silicide or higher. 
[0050] In the case of a Si-Ti alloy, for example, a silicide having a composition of TiaSi is formed near a proportion of 

5 84%, and a silicide having a composition of TiSi2 is formed near a Ti content of 46%. When Ti content is below 46%, 
namely when Si content is higher than 54%. eutectic crystal of TiSia and Si is obtained. Therefore, Ti content is higher 
than 84% up to 100% in the region of (1), Ti content is from 46 to 84% in the region of (2), and Ti content is from 0.5% 
up to below 46% in the region of (3). Thus the upper limit of Ti content is about 84% for the binary alloy of Si and Ti with 
the resistance against oxidation in the air atmosphere taken into consideration. The upper limit changes when a third 

10 and a fourth and more elements are added, as a matter of course. Si may also be replaced with Cr or other oxidation 
resistant element. 

[0051] A composition where Si and an active metal coexist can fuse with oxide ceramics in general other than the 
nitride and cailDide ceramics, Consequently an oxide ceramic material can be used for the substrate. 
[0052] Such kinds of the oxide ceramic that have proper linear expansion coefficients can be selected to match the 
15 linear expansion coefficient of the metal to be fused with. Oxides having a linear expansion coefficient in a range from 
about 3 to 9 X 10"^ can be selected. 

[0053] When alumina, zirconia, chromla or the like is used as the substrate, composition of the silicide (2) is most 
preferable for the fused metal. Linear expansion coefficients of silicides are generally in a range from 5 to 9 x 10'^, 
among which one having linear expansion coefficient near to that of the substrate ceramic can be selected thereby 

20 matching the linear expansion coefficient. 

[0054] To mainly adjust the electrical resistance, powders or fibers of ceramic materials of electric heating elements 
(SiC. Zr02, etc.) or other insulating ceramic materials, which are insoluble in thefusable material, powders or fibers of 
intermetallic compounds of electric heating elements such as silicide, boride or the like having a high melting point, or 
powders or fibers of metals having a high melting point may optionally be mixed with the f usable materials. Alternatively, 

25 these powders or fibers of the ceramic material of the electric heating element may be bonded by using the fusable 
material as a binder and fused to the ceramic substrate at the same time. 

[0055] The fusable material may also be used as a brazing metal to bond a heat generating resistor in a form of foil, 
plate or wire made of ceramic, metal or intermetallic compound to the ceramic substrate, 

[0056] When a metal foil is used, for example, problem of the oxidation resistance of W or Mo can be eliminated by 
30 interposing the metal foil of W, Mo or the like between two ceramic substrates and brazing the whole surface with the 
brazing material. 

[0057] The film fused to the ceramic substrate is preferably thinner. The thinner the film, the higher the electrical resist- 
ance and therefore the shorter the heater circuit can be made. This also decreases the thermal stress in the Interface 
of fusing, thereby making use over a longer period of time at a higher temperature possible. Thickness of the fused film 
35 is preferably in a range from several micrometers to 500 micrometers. 

[0058] The resistive heat generating film of the present invention can be applied to either single-side fusing type 
wherein the film is fused to one side of a ceramic substrate or to double-side fusing type wherein the film is fused to two 
ceramic substrates which interpose the film. 

[0059] In the double-side fusing type, such a problem can occur that molten metal penetrates into a space between 
40 the circuit, resulting in short-circuiting. 

[0060] This problem can be prevented effectively by keeping a space greater than the thickness of the fused metal 
film disposed between the circuits, between the two ceramic substrates. 

[0061 ] Specifically, it is effective to form a groove between the circuits beforehand and then laminating and fusing 
them. 

45 [0062] Fusing of the resistive heat generating film is carried out by coating the fusing surface of the ceramic substrate 
with metallic powder prepared in specified connposition, or sticking a metal foil prepared in the specified corrposition 
and having the circuit pattern, and then heating, melting and fusing it. Alternatively, such a process may also be 
employed as the film of metal to be fused Is formed by spray coating, sputtering, PVD, CVD or other film forming tech- 
nique, then the film is heated to be melted and fused. Also such a process may be employed as. after forming a film of 

50 a part of the components, powder of other elements is applied or metal foil is attached which Is then molted and fused. 
Air atmosphere of fusing is preferably vacuum, reducing or inert air atmosphere. 

[0063] When the single-side fusing type wherein the resistive heat generation film Is fused to one side of a ceramic 
substrate and double-side fusing type wherein the film is fused to two ceramic substrates interposing the film are com- 
pared, the double-side fusing type is better in terms of uniformity of film thickness, flatness and evenly fusing perform- 
55 ance of the resistive heat generating film. With the single-side fusing type, the ceramic substrate may deform after 
fusing in case the ceramic substrate and the resistive heat generating film have different values of linear expansion 
coefficient. Also the surface of the ceramic substrate may deform during heating. However, when the resistive heat gen- 
erating film is interposed between two ceramic substrates having the same or substantially the same values of linear 
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expansion coefficient and fused, deformation does not occur during heating or after fusing even when the resistive heat 
generating film and the ceramic substrate have somewhat different values of linear expansion coefficient. Thus the dou- 
ble-side fused structure is more preferable in order to achieve uniform heating and uniform temperature distribution. 
[0064] The double-side fused structure is also very preferable with regards to corrosion resistance and oxidation 
5 resistance, because only the edge face of the fused film which can be seen through the gap between the ceramic sub- 
strates is exposed to the outside. And the exposed edge which corresponds to the thickness can be protected from the 
outside by covering with a ceramic film by means of the sol-gel method, filling the gap with an inorganic adhesive agent, 
sealing with glass or sealing the circumference of the ceramic substrates with a fusing metal. 

[0065] The fusing temperature must be at least higher than the solidus line temperature at which molten portion 
10 appears, and most preferably the liquidus line temperature or higher. 

[0066] The Si material of the fused metal may be selected from a range of Si materials from those used in semicon- 
ductor manufacture to those used for the adjustment of composition in metal casting. 

[0067] Si materials used in casting include trace elements such as Fe, C, P, Al and the like which improve the electrical 
conductivity of Si, and are preferable for the purpose of the present invention. Si with impurities used for semiconduc- 

15 tors (p-type semiconductor, n-type semiconductor) is also preferable for the purpose of the present invention. 

[0068] Now the structure of the present invention will be described below with reference to the accompanying draw- 
ings. Figs. 1 to 3 are schematic drawings for explaining embodiments of a single-side fused structure of the present 
invention. Fig. 1 is a schematic drawing for explaining a structure wherein a film of silicide, silicide + Si, or Si Is fused to 
the entire surface of a pipe-shaped ceramic substrate. Fig. 2 is a schematic drawing for explaining a structure wherein 

20 a film of silicide, silicide + Si, or Si is fused spirally to the surface of a round rod made of ceramic. Fig. 3 is a schematic 
drawing for explaining a structure wherein a film with a circuit pattern is fused to a plate-shaped ceramic substrate. 
[0069] In Fig. 1, numeral 1 denotes a substrate made in a pipe of aluminum nitride, silicon nitride, alumina, chromia 
or the like. Numeral 2 denotes a film of silicide, silicide + Si, or Si fused to the substrate. 

[0070] Both ends of the fused layer are connected to conductors which are connected to an external power source 

25 by mechanical or metallurgical means. 

[0071] Fig. 2 shows an example wherein a spiral fused film is formed on a substrate of round rod shape. Fig. 3 shows 
an example wherein a fused film having the circuit pattern Is formed on a plate-shaped substrate. These patterns may 
be formed either by coating powder of fused metal In the pattern and fusing the powder, or by covering the entire sur- 
face with the fused film and then removing unnecessary portions through etching, blasting or other means thereby to 

30 have the desired pattern left to remain. 

[0072] Figs. 5 to 16 show embodiments of a double-side fused structure of the present invention. Fig. 5 shows one 
example of the heater circuit of the fused metal. The heater circuit Is interposed between two ceramic substrates and 
fused thereto. 

[0073] Fig. 6 shows a cross sectional view taken along lines A-A of a structure that a heater circuit is interposed 
35 between two ceramic substrates. Fig. 7 shows an example of production process for the structure shewn In Fig. 6. Rg. 
8 Is a schematic diagram showing a structure of preventing short-circuiting of a heater circuit. 

[0074] In Fig. 6. the heater circuit 3 of the fused metal Is interposed between the two ceramic substrates 4, 5 and 
fused thereto. The fused metal makes the heater circuit and also serves as a brazing material to hold the two ceramic 
substrates together at the same time. 
40 [0075] The circuit can be formed, for example, in the following methods. 

(1) One or both of the ceramic substrates are coated with a circuit pattern made of metallic powder prepare in the 
connposition of the fused metal, with the two ceramic substrates being laminated, heated to melt and fused. 

(2) One or both of the ceramic substrates are coated with a fused metal film made In the circuit pattern, with the 
45 two ceramic substrates being laminated, heated to melt and fused. The fused metal film Is form^ by sputtering. 

PVD. CVD or other process. 

(3) The circuit pattern Is formed by a method combining those of (1) and (2), namely through both the film forming 
and powder application, then the film Is heated to be melted and fused. 

(4) Fused metal film Is formed on the joining surface of each ceramic substrate and then unnecessary portions of 
so the film Is removed through shot blast or other means thereby to have the desired circuit pattern left to remain. The 

two ceramic substrates having the circuit patterns form^ thereon are put one another with accurate alignment, and 
then the ceramic substrates are heated to be melted again and fused. 

[0076] Another method as shown In Fig. 7 may also be employed wherein a metal is fused to the joining surface of 
55 each ceranrtic substrate to form a fused film 6. then unnecessary portions of the film is removed through shot blast, etch- 
ing or other means to form the circuit pattern, and thereafter the ceramic substrates are put one on another and heated 
(or heated under pressure as required), thereby to sinter at a temperature lower than the melting point. 
[0077] In a structure wherein the heater circuit is interposed between two ceramic substrates as shown In Fig. 6 and 
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Fig. 7, there is a possibility of the fused metal penetrating laterally to cause short-circuiting. The thicker the metal film, 
the higher the possibility of short-circuiting to occur. 

[0078] Short-circuiting can be prevented by forming a groove 7 between adjacent portions of the circuit thereby 
increasing the space between the ceramic substrates as shown in Fig. 8. 
5 [0079] In case the heater circuit is interposed between two ceramic substrates, there remains a gap corresponding 
to the thickness of the heater circuit of the fused metal between the two ceramic substrates. 

[0080] Existence of the gap may allow foreign matter to enter, thus resulting in short-circuiting depending on the appli- 
cation. Thus sealing of the gap at the edges may be important. 

[0081] An effective method of edge sealing is to enclose the ceramic substrate on the edges thereof with a belt of 
10 fused metal to form a closed circuit 8, and fusing the dosed circuit 8 to the edges of both ceramic substrates. 

[0082] Fusing of the sealing closed circuit 8 is carried out at the same time as the heater circuit is fused, by using the 
same metal as the fusing metal of the heater circuit or by using a material which can be fused under the same condition 
as that of the fusing metal of the heater circuit. 

[0083] Other methods of sealing include impregnating a ceramic adhesive agent and solidifying it and fusing with 
15 glass. 

[Explanation of Fig. 9] 

[0084] Fig. 9 is a schematic diagram showing a structure obtained by applying the fusing metal of the heater circuit 
20 on the heater circuit forming surface of one or both of the two ceramic substrates, applying the pattern of the metal 
closed circuit 8 made of the same metal as the fusing metal of the heater circuit or a material which can be fused under 
the same condition as that of the fusing metal of the heater circuit at the same time, and putting them one on another 
and heating the assembly to fuse at the same time. The heater circuit and the closed circuit 8 are hidden in the ceramic 
structure and are therefore Indicated with dashed lines. The heater circuit and the closed circuit are electrically insu- 
25 lated from each other. 

[0085] For the connection of terminals of the heater circuit and the external electric source, the following structure is 
effective. (1) A metallic terminal having linear expansion coefficient similar to the linear expansion coefficient of the 
ceramic substrate is brazed to connect the metallic terminal and the lead wire. The structures are shown in Fig. 10 and 
Fig. 11. 

30 [0086] Fig. 10 shows a structure wherein the metallic terminal is directly brazed to the circuit terminal. Fig. 1 1 shows 
a structure wherein the circuit terminal is drawn out to the outer surface of the ceramic substrate and brazed on the 
outer surface. That Is. two holes (in the case of single-phase power supply) or three holes (in the case of three-phase 
power supply) are made In one of the ceramic substrates for leading out the circuit, then after leading out the circuit by 
metallizing the fused metal along the Inner surface of the holes, the terminals are brazed at the mouth of the hole. Alter- 

35 natively, lead wires made of metals (Mo. W, etc.) having similar linear expansion coefficients are inserted in the lead- 
out holes with the space between the lead wire and the hole being filled with a brazing material, thereby directly brazing 
with the circuit terminals. The holes may also be made smaller In diameter and filled with the fused metal, with the ter- 
minal being led out to the outside and brazed with the led wires. 

[0087] In the single-side fused structure, such a method may also be employed as a ribbon terminal made of a metal 
40 having linear expansion coefficient similar to that of the ceramic substrate is brazed to the circuit terminal and the ribtx)n 
terminal and the external lead wire are electrically connected. Such a method may also be employed as a small ceramic 
piece 9 is bonded to the heater circuit as shown In Fig. 1 2, with a lead wire being inserted into the small hole 9 and 
brazed to fix. 

[0088] Brazing of the terminal may be done by using the fused metal at the same time when forming the circuit, or 
45 may be done by using a high-temperature braze, Ni braze or the like having high oxidation resistance after forming the 
circuit. 

[0089] When aluminum nitride ceramic, silicon nitride ceramic or silicon carbide ceramic is used as the ceramic sub- 
strate, a composite material made by impregnating a porous material made of Mo, W. aluminum nitride ceramic, silicon 
nitride ceramic or silicon carbide ceramic with the fused metal can be preferably used for the terminal. Structure of the 
so metallic terminal and the lead wire may be selected from solid material, bundle wires, laminated foils, woven fabric and 
other structures. 

[0090] Now the electrostatic chuck of the present Invention will be described below. 

[0091] The heating mechanism of the present invention is a ceramic heater comprising two electrically ceramic insu- 
lating substrates having equal or near equal linear expansion coefficient and a film interposed between the two sub- 
55 strates and made of an electric-heating material which can be fused with with the two substrates. 
[0092] The electrically heat generating alloy to be fused is preferably a Si alloy. 

[0093] Except for elements forming a homogeneous solid solution with Si, e.g. Ge, almost all of metals react with Si 
to form silicides. 
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[0094] Assuming an element X reacts with Si to form a silicide, the microstructure of X-SI changes as described below 
with the change in Si content. 

(1) As the SI content increases gradually, a first silicide is formed when a certain composition is reached. Let this 
5 composition be Si(1). In a region of composition where Si < Si (1), a silicide phase wherein the metal X is mixed in 

the matrix of the metal X. or silicide phase wherien the metal X is mixed in the matrix of the metal X with some of 
Si being incorporated is formed. 

(2) As the Si content increases over that of Si(1), silicides of different compositions appear successively. With Si 
contents becomes greater than a certain composition Si(2), an eutectic mixture of silicide and Si is formed. Si(1) is 

10 the silicide most rich in element X, and Si(2) is the silicide most rich in Si content. In the composition of a region 
Si(1) <= Si <= Si(2), one kind of silicide or two or more silicides coexist. 

(3) Composition in a region of Si content over Si(2) and below 100% Si. namely Si(2) < Si < Si(100%). where Si 
and silicide coexist. 

(4) When the composition is 100% Si, the material becomes polycrystal of Si. 

15 

[0095] Even when a third element, a fourth element, a fifth element, and so on are added to the two-element system 
of X and Si, such a basic skeleton of the material as silicide is included in a matrix remains unchanged. That is. at least 
the silicide (or composite silicide) does not disappear from the matrix while either the third element, the fourth element, 
the fifth element, and so on are incorporated into the matrix, incorporated into the silicide to form a composite silicide, 

20 or form other compound to crystallize or precipitate in the matrix. 

[0096] in this specification, the term silicide is used to mean silicide per se and composite silicide collectively. 
[0097] For the electric-heating alloy, the compositions in the regions of (2) and (3), particularly (3) are preferable. 
[0098] For the ceramic substrate, aluminum nitride ceramic and silicon nitride ceramic are preferably used for the 
compositions within the region of (3). and particularly aluminum nitride ceramic is preferable. Alumina ceramic is pref- 

25 erable for the compositions within the region of (2). 

[0099] Simple Si material of (4) has too high electric resistance and is not suitable as an electric-heating alloy. 
[0100] The composition of (3) has fusibility with aluminum nitride ceramic and linear expansion coefficient of 4 to 7 x 
10'^ which can be matched with the linear expansion coefficient of aluminum nitride ceramic by controlling the amount 
of silicide thus minimizing the thermal stress generated in the interface of fusing, and the fused film can be used stably 

30 up to high temperatures. This composition also has a low melting point which is advantageous because the fusing tem- 
perature can be lowered. Electric resistance can also be controlled by changing the amount of silicide included in the 
matrix. 

[0101] The composition of (2) has linear expansion coefficient of 7 to 8 x 10'^ which is comparable to the linear expan- 
sion coefficient of alumina ceramic, and can therefore be used with alumina ceramic substrate. 
35 [0102] Both compositions of (2) and (3) have high oxidation resistance in air atmosphere at high temperatures (1000 
C and higher). 

[0103] Because the compositions of (2) and (3). particularly (3) have high electrical resistance which makes shorter 
resistor circuit possible, a heater having higher wattage per unit area can be made. 
[0104] For the reasons described above, the compositions of (2). (3), particularly (3) are preferred. 
40 [0105] The reason for selecting aluminum nitride ceramic, silicon nitride ceramic and alumina for the substrate wher- 
eon the electrically heat generating alloy is fused is that the conpositions of (2) and (3) have linear expansion coeffi- 
cients near those of alumina, aluminum nitride ceramic and silicon nitride ceramic which make it possible to minimize 
the thermal stress in the interface of fusing. 

[01 06] For the element X in the Si-X alloy. Cr, Mo. W, Fe, Ni, Co. B, P and active metals, and Ft, Pd. Rh. Ir, Cu. Ag 
45 and other silicide forming elements may be selected depending on the application. One or more of these elements may 
be mixed as required. 

[0107] Among these elements, active metal elements are particularly preferable. 

[0108] An active metal is an element capable of wetting ceramics to accelerate diffusing. In the present invention, V. 
Nb. Ta, Ti, 2r, Hf, Y, Mn, Ca, Mg, rare earth elements and aluminum are referred to as active elements. 
so [0109] When an active element is added to Si, wettability is significantly increased with wetting angle decreasing. As 
a result it makes it possible to make a flat fused film and decrease the thickness of the fused film, thus obtaining a uni- 
form film having higher electrical resistance. It also improves the fusing strength. 

[01 1 0] Although the effect of improving the wettability can be obtained by adding an active element to a concentration 
as low as 0.1%, adding 0.5% or more is preferable in order to obtain practical effect. 
55 [Oil 1] In case X of Si-X alloy is Ti. the region of (3) is 0% < Ti < 46% and region of (2) is 46% ( TiSig) <= Ti <= 75% 
(TisSis). 

[0112] Silicide in the region (3) is TiSi2, having the microstructure of Si-i-TiSi2. 

[0113] In case X is Zr. the region of (3) is 0% < Zr < 40% and region of (2) is 40% (ZrSi2) <= Zr <= 93% (Zr4Si). 



10 



EP 0 899 986 A1 



[0114] Siiicide in the region (3) is ZrSi2, having the microstructure of Si+ZrSi2. 

[01 1 5] The most preferable region is 1 0 to 25% of Ti for Si-Ti alloy, and 1 0 to 30% of 2r for Si-Zr alloy in weight percent. 
[0116] The electrostatic chuck of the present invention has a ceramic heater bonded integrally with the bottom face 
of the chucking mechanism thereof, and is capable of quickly heating the chucked object such as semiconductor sub- 
5 strate. When a cooling mechanism is further coupled integrally with the bottom face of the heating mechanism, cooling 
function Is added, thereby making it possible to accurately control the temperature by using both the heating and cool- 
ing functions. 

[0117] When coupling the heating mechanism and cooling mechanism integrally with the electrostatically chucking 
mechanism, it is indispensable to bond them in the order of the cooling mechanism, the heating mechanism and the 

10 electrostatically chucking mechanism. 

[0118] When coupling in the reverse order, namely in the order of the heating mechanism, cooling mechanism and 
the electrostaticaly chucking mechanism, the cooling mechanism is disposed between the heating mechanism and the 
electrostatic chucking mechanism, and a gap in the cooling medium of the cooling mechanism becomes a heat Insulat- 
ing layer which inhibits the transfer of heat from the heating mechanism to the electrostatically chucking mechanism. 

15 resulting in a lower rate of temperature rise during heating of the substrate. In the actual treatment, transition periods 
during which the temperature changes from low to high and high to low levels are loss time of which Increase results In 
a decrease In the productivity. Reversing the order of coupling increases the loss time during heating and results In sig- 
nificant decrease in the productivity. 

[0119] The expression of "integral coupling" of the electrostatically chucking mechanism, the cooling mechanism and 
20 the heating mechanism has the following meaning. 

(1) Coupling by metallurgical means 

Conesponds to brazing of the electrostatic chucking mechanism, the ceramic heater and the cooling mecha- 
nism. 

25 (2) Coupling by lamination of films 

Coupling to the substrate by laminating films through film forming process such as thermal spraying, PVD. CVD 
and sputtering. Corresponds to the formation of dielectric ceramic film on the ceramic heater That is. a metal elec- 
trode film is formed on the ceramic heater and the dielectric ceramic film is further formed thereon, or a metal elec- 
trode plate is bonded to the ceramic heater and the dielectric ceramic film is formed on the plate. 
30 (3) Coupling by sintering or firing 

Coupling by sintering or firing of metal and ceramic or ceramic and ceramic which is out of the scope of metal- 
lurgical bonding which encompasses inter-metal bonding. 

[Electrostatically chucking mechanism segment] 

35 

[0120] The electrostatically chucking mechanism segment of the present invention refers to an electrostatically chuck- 
ing mechanism portion of an electrostatic chuck. 

[0121] The electrostatic chucking mechanism segment consists mainly of a dielectric ceramic and an electrostatic 
induction electrode formed on the back of this ceramic. A single-pole electrostatic chuck consists mainly of the dielectric 
40 ceramic and the electrostatic induction electrode formed on the back of the ceramic. A double-pole electrostatic chuck 
consists mainly of the dielectric ceramic, the electrostatic induction electrode formed on the back of the ceramic and a 
ceramic insulator plate which backs up the electrode on the back side thereof. 

[0122] The dielectric ceramic may be made by sintering a dielectric ceramic film formed by thermal spray, sputtering. 
CVD or other thin film forming process. The dielectric ceramic Is not limited to ceramic materials having particularly high 

45 dielectric constants. Taking notice of the fact that attracting force increases as the thickness Is decreased even with an 
ordinary electric insulating ceramic material, the present invention includes ceramic materials, of which dielectric con- 
stants are not particularly high, in the category of dielectric ceramics. Thus the dielectric ceramics Include ceramic insu- 
lators such as silicon nitride, aluminum nitride, alumina, sapphire, silicon carbide, film of diamond and CBN as well as 
ceramics having high dielectric constants such as alumina titanate, barium titanate. 

50 [01 23] In order to prevent deformation from taking place during bonding, the dielectric ceramic is preferably made of 
the same ceramic material as the ceramic heater or one having linear expansion coefficient equal or nearly equal to that 
of the ceramic heater. That is. when the ceramic heater is made of a system of aluminum nitride, the dielectric ceramic 
is preferably made of a system of aluminum nitride ceramic or one having linear expansion coefficient equal or near 
equal to that of the ceramic heater. In case an ordinary electric insulating ceramic material, of which dielectric constant 

55 is not particularly high (for example aluminum nitride), is used for the dielectric ceramic, it Is effective In increasing the 
dielectric constant to add a ceramic material having a high dielectric constant (titania) In order to increase the dielectric 
constant. 

[0124] While the heating mechanism (ceramic heater) is bonded to the back surface of the electrostatically chucking 
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mechanism segment, ceramic surface of the heating mechanism, namely the ceramic heater, may also be used as an 
insulator on the back surface of the electrostatically chucking mechanism segment in the case of double-pole type. 
[0125] Also when the heating mechanism (ceramic heater) is bonded to the back surface of the electrostatically 
chucking mechanism segment, a layer of a different material may be inserted in the bonding surface for the purpose of 
5 Stress buffering. The electrostatically chucking mechanism segment of the present invention includes such a layer 
inserted. 

[Cooling mechanism] 

10 [01 26] The substrate is provided with a cooling medium circulating path through which a liquid or gas cooling medium 
is circulated for the purpose of cooling. 

[0127] The circulation path is made by making a groove in the substrate, embedding a pipe in the substrate, mounting 
a partition plate In a spiral structure with both sides covered with plates bonded thereto form a spiral circulation path, 
casting or welding a metal structure having tubular path formed therein, sintering a ceramic structure having tubular 

15 path formed therein, or other method. 

[0128] The substrate material wherein the circulation path is formed may be a metal having high thermal conductivity, 
a ceramic material or a composite of metal and ceramic. A metal-ceramic composite material has such an advantage 
as decreasing the residual stress in the joint of bonding because the linear expansion coefficient can be controlled by 
changing the composition. It Is also effective in relieving the residual stress to insert a layer of a different material in the 

20 bonding surface when bonding the ceramic heater and the cooling mechanism. 

(Examples) 

[0129] The following Examples further Illustrate the present invention In detail. 

25 

Example 1 (double-side fusing type) 
[0130] 

30 Ceramic substrate: Four materials of aluminum nitride, silicon nitride, silicon carbide ard alumina are used. The sil- 
icon carbide has an electrical resistance of 10^^ ohm • cm. 
Substrate dimension: A plate of 10 x 30 x 0.6 mm 

Fused metal: The above-mentioned substrate made of aluminum nitride, silicon nitride, silicon carbide or alumina 
is coated with a paste of metallic powder having the following composition (shown In Table 1) mixed with ethanol 
35 solution of polyvinyl alcohol, in an area 2 mm wide and 22 mm long as shown In Fig. 13. This Is laminated with a 
ceramic substrate having holes (1 mm in diameter) on both ends as shown in Fig. 14, with the assembly being dried 
and then heated to melt and fuse as shown in Fig. 15. The holes are separate 20 mm apart. 

[0131 ] As the SI material, powder made by grinding a semiconductor substrate and powder of 99.999% purity (Al, Mg, 
40 Ca. Na <= Ippm) were used. The powder made by grinding a semiconductor substrate is p-type Si doped with B. 

[0132] The p-type SI doped with B has a resistance of 0.0 to 0.1 ohmcm. A sample using the p-type Si doped with B 
Is denoted as p-type Si, while a sample not denoted Is powder of 99.999% purity. 

[0133] Heating was carried out In vacuum (5 x 10"^ Torr) and in argon atmosphere. Fused metal having the three 
microstructures of (2), (3) and (4) were used, namely the region where slllcide is formed, the region where a mixture of 
45 slllcide and SI is formed and the region where Si alone Is formed. 
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Substrate: ALN is aluminum nitride. 

SiC is silicon carbide. 

SiN is Silicon nitride. 

AI2O3 is high-purity alumina. 
Argon atmosphere for No.l and No. 18, vacuum for others. 
Electrical resistance was measured with resistance measuring 
probes inserted into two holes shown in Fig. 15. 
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Example 2 (Heating test) 

[0134] The sample of Example 1 was heat-tested with an alternate voltage applied- A cycle of heating up to 500 C in 
20 five minutes and then leaving to cool down to the normal temperature was repeated 100 times. None of the samples 
showed peel -off or crack of the heater. 

[0135] Then oxidation resistance of the fused metal was tested. The sample of Example 1 was heated at 1 000 C for 
five hours. No change in electrical resistance due to oxidation of the fused film was observed. 

25 Example 3 (Comparison of films for uniform fusibility) 

[0136] A heater having a heater circuit fused to one side of a ceramic substrate (single-side fused structure) and a 
heater having a heater circuit fused to two ceramic substrates interposing the heater circuit (double-side fused struc- 
ture) were compared for uniformity of thickness (convexo-concave, flatness), uniformity of width and surface property. 

30 

Ceramic substrate: Aluminum nitride substrate measuring 100 x 100 x 0.6 mm 

Fused metal: Two components having different levels of wettability for the fused metal. High-purity Si (99.999%) 
and Si-25%Ti were selected and compared. 

35 [0137] Si powder (particle size under 325-mesh) mixed with ethanol solution of polyvinyl alcohol into a paste was 
printed to the surface of the aluminum nitride substrate in a circuit pattern shown In Fig. 16. Width of the circuit was 10 
mm and space between adjacent circuits was 5 mm. 

[01 38] The single-side fused sample with the circuit printed on one side thereof was dried, and then heated and fused 
in vacuum (5 x 10"^ Torr). 

40 [01 39] The double-side fused sample with the circuit printed thereon comprising two identical ceramic plates aligned 
and laminated was dried, and then heated and fused in vacuum (5 x 10"^ Torr). 

[0140] High-purity SI sample was heated to 1450 C and fused. Si-25%Ti sample was heated to 1400 C and fused. 
Results 

45 

[Single-side fused sample] 

[0141 ] Film of the high-purity Si sample swelled and resulted in uneven surface. Width of the circuit pattern decreased 
from the originally printed size. 

50 [0142] Film of the Si-25%Ti was made almost flat free form convexo-concave portion. Width of the circuit pattern 
remained almost the same as the originally printed size. 

[0143] It was observed that film flatness of the single-side backing sample differed with the wettability of the fused 
metal. 

55 [Double-side fused sample] 

[0144] In the case of the double-side fused sample fused between two ceramic substrates, because both the high- 
purity Si sample and the Si-25%Ti sample were interposed between cerarhic plates on both sides, the films were com- 
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pletely fused flatly without swelling. Width of the circuit pattern remained almost the same as the originally printed size. 
[0145] It was observed that a flat fused film was formed regardless of the difference in the wettability of the fused 
metal in the case of double-side backing sample. 

[0146] It was verified that the double-side fusing type was better than the single-side fusing type in the film flatness. 
5 namely uniformity of thickness, and consistency of the circuit width. 

Example 4 (Comparison of fused structure and deformation after heating) 

[0147] 

10 

Ceramic substrate: Aluminum nitride 

Substrate dimension: A plate measuring 10 x 11 0 x 0.6 mm 

Fused metal: Si-25%Ti 

Si material: Purity 99.999% (Al. Mg, Ca. Na<= 1 ppm) 

/5 

[0148] The above-mentioned ceramic substrate (lower plate) was coated over the entire surface of one side thereof 
with a paste of metallic powder prepared to the composition shown above and mixed with ethanol solution of polyvinyl 
alcohol. After drying, an identical ceramic plate (upper plate) having holes 1 mm in diameter on both end portions (dis- 
tance between holes: 100 mm) was placed thereon, and heated to fuse at 1400 C in vacuum (5 x 10"^ Torr) so that the 
20 two ceramic plates fuse with each other 

[0149] For comparison, such a single-side fused sample was made as the ceramic plate was coated with the paste 
over the entire surface of one side thereof, which was then heated to fuse at 1400 C in vacuum (5 xx 10'^ Torr). 

[Results] 

25 

[0150] After fusing two types of sample (double-side fused sample, single-side fused sample), an alternate voltage 
was applied across both ends to raise the temperature to 500 C in five minutes. 

[0151] The single-side fused sample experienced warping of 200 micro meter while the double-side backing sample 
showed no significant warp, 

30 [01 52] It was found that the double-side fused structure has significant effect of preventing deformation from occurring 
during heating, compared to the single-side fused sample. 

Example 5 

35 [0153] 

Ceramic substrate: Three materials of aluminum nitride, silicon carbide and silicon nitride were used. The silicon 
carbide used has electrical resistance of lO^"* ohm - cm. 
Substrate dimension : A plate measuring 1 0 x 30 x 0.6 mm 
40 Fused metal: The above ceramic substrates were coated with a paste of metallic powder having the composition 
shown below (Table 2) mixed with ethanol solution of polyvinyl alcohol, in an area 2 mm wide and 22 mm long, as 
shown in Fig. 4, to form a thin film. This was dried and then heated to melt and fuse. 

[0154] As the Si material, powder made by grinding a semiconductor substrate and powder of 99.999% purity were 
45 used. The powder made by grinding a semiconductor substrate is p-type Si doped with B. 

[0155] The p-type Si doped with B has a resistance of 0.0 to 0.1 ohm • cm. A sample using the p-type Si doped with 
B is denoted as p-type Si, while a sample not denoted is powder of 99.999% purity. 
[0156] Heating was carried out in vacuum (5 x 10'^ Torr) and in argon atmosphere. 

[0157] Fused metal having the three microstructures of (2), (3) and (4) were used, namely the region of forming sili- 
50 cide, the region where silicide and Si coexist and the region of single Si structure. Electrical resistance was measured 
at a distance of 20 mm. 
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Substrate: ALN is aluminum nitride. SiC is silicon carbide. 
SiN is silicon nitride. 

5 

Argon atmosphere for No . 1 No. 3 and No. 13, vacuum for others. 
Electrical resistance across 20 mm was measured. 

10 



Example 6 (Heating test) 

15 [0158] The sample of Example 5 was heat-tested with an alternate voltage applied. 

[0159] A cycle of heating up to 500 C in five minutes and then leaving to cool down to the normal temperature was 
repeated 100 times. 

[0160] None of the samples showed peel-off or crack of the heater. 

[0161] Then oxidation resistance of the fused metal was tested. The sample of the Example 5 was heated at 1000 C 
20 for five hours. 

[0162] No peel-off and change in electrical resistance due to oxidation of the fused film were observed. 

Example 7 

25 [0163] 

Ceramic substrate: Aluminum nitride 

Substrate dimension: A plate of 10 x 25 x 0.6 mm 

30 Fused metal : 

[0164] Ti was sputter^ on one side of the ceramic substrate (lower plate) to a thickness of 0.5 micro meter and SI 
was sputtered a thickness of 4 micro meter to the TI layer in an area 2 mm wide and 22 mm long. 
[0165] For the same ceramic plate (upper plate) having holes 1 mm in diameter on both ends (distance between 
35 holes: 20 mm) shown in Fig. 1 4. Ti was sputtered on one side thereof to a thickness of 0.5 micro meter and Si was sput- 
tered on the Ti film to a thickness of 4 micro meter in an area 2 mm wide and 22 mm long. 

[0166] The sputtered surfaces were put together and heated to fuse at 1400 C in vacuum (5 x 10'^ Torr) so that the 
two ceramic plates fuse with each other as shown in Fig. 15. 

40 [Results] 

[0167] Electrical resistance, measured by inserting probes into the holes of 1 mm in diameter of the fused sample, 
was 10 ohm. 

[0168] Then the sample was heat-tested. 
45 [0169] A cycle of heating up to 500 C in five minutes and then leaving to cool down to the normal temperature was 
repeated 100 times. 

[0170] As a result, none of the two fused plates showed peel-off or crack. * 
[0171] Then oxidation resistance test was conducted by heating the sample at 1 000 C for ten hours. 
[0172] The two fused plates showed no peel-off or crack. Also no change in electrical resistance of the fused film was 
so observed. 

[01 73] Now preferred embodiments of the electrostatic chuck will be described below with reference to the accompa- 
nying drawings. 

[0174] The present invention can be basically divided into four structures. One is a structure of sintered dielectric 
ceramic (Fig. 17), one is a structure of dielectric film formed by thermal spray, CVD. PVD, sputtering or other film-form- 
55 ing technique (Rg. 18), and variations of the former two structures where cooling mechanisms are coupled with the 
heating mechanism (Figs.19, 20). Rgs. 17 to 20 show these structures. 

[0175] Fig. 17 shows the sintered dielectric ceramic of the electrostatically chucking mechanism. Fig. 18 shows die- 
lectric ceramic film of the electrostatically chucking mechanism. Fig. 19 shows the structure of Fig. 17 coupled with the 
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cooling mechanism. Fig. 20 shows the structure of Fig. 18 coupled with the cooling mechanism. 
[0176] The sintered dielectric ceramic is divided into two type of structures by the method of forming the electrode. 
[0177] One is a structure wherein the ceramic and electrode are integrally sintered as shown in Fig. 21 . The electrode 
is enclosed by the ceramic. Another is a structure wherein the sintered body is brazed to the heater and the brazed layer 
5 also serves as the electrode as shown in Fig. 22. 

[0178] In the case of the structure of Fig. 21. the electrically heat generating alloy of the ceramic heater may be 
directly fused to one side of the dielectric ceramic. Namely, the ceramic on one side of the heater may be replaced by 
one side of the dielectric ceramic as shown in Fig. 23. 
[0179] The Examples will be described below. 

10 

Example 8 (Structure of Fig. 24) 
[0180] 

75 Induction chucking mechanism: A disk (50 mm in diameter, 0.2 mm thick) made of aluminum nitride is used. 

Heating mechanism: Two disks (50 mm in diameter, 1 mm thick) made of aluminum nitride are used. 

[0181] Si+TiSi2 having a microstructure is used for electric-heating alloy. (Si-25%Ti alloy) 

[0182] The electric- heating circuit pattern is printed with the Si-25%Ti alloy powder on one side each of the two alu- 
20 minum nitride disks (50 mm in diameter, 1 mm thick). After preliminary sintering, the two disks were put together and 
heated to fuse at 1430 C in vacuum to fuse. The electric-heating alloy film was 100 micro meter thick. 

[Coupling] 

25 [01 83] Aluminum nitride disk of the induction chucking mechanism and the heater were coulped together by using the 
Si-25%T1 alloy similarly to the case of the electric-heating alloy The coupling was carried out at the same time the 
heater was coupled. 

[0184] Bonding metal as used as the electrode (single-pole). 
30 [Test] 
[0185] 

Electrostatic chucking: A voltage of 700 V DC was applied across the electrode and a silicon wafer to attract the 2 
35 inches silicon wafer to the surface of the dielectric ceramic. 

Heating 

[0186] The heater was powered to start heating from the normal temperature (20 C). and the wafer surface was 
40 heated to 700 C in 60 seconds. 

Holding 

[0187] Surface temperature of the silicon wafer was maintained at 700 C±5 C through ON/OFF control of the heater. 
45 [0188] It was verified that the present invention is capable of quickly heating a silicon wafer and keeping the temper- 
ature constant 

Example 9 (Structure of Fig. 25) 

so Structure of Example 8 coupled with cooling mechanism 

[0189] The induction chucking mechanism and the ceramic heater were produced in the same manner as that in 
Example 8. A Si-20%Zr alloy was used for the electrically heat generating alloy. Coupling was carried out at 1430 C in 
vacuum. The thickness of the electric-heating alloy was 1 00 micro meter. For the electrode, the bonding metal layer was 
55 used as a single pole. 
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Structure of cooling mechanism: 

[0190] A tungsten strip 10 mm wide and 0.5 mm thick was wound in a spiral structure and was interposed between 
two tungsten disks 50 mm in diameter and 1 mm thick, with the end faces being silver-brazed with the tungsten disks. 
5 Water-cooling and air-cooling were employed. 

[coupling with the cooling mechanism] 

[0191] The aluminum nitride heater and the cooling mechanism were directly brazed with Ti-added silver solder. 
10 When brazing, a composite sintered disk (50 mm in diameter, 1 mm thick) made of 50%W-50% aluminum nitride (vol- 
ume %) was interposed between the aluminum nitride heater and the tungsten cooling mechanism for the purpose of 
stress relieving. 

[Test] 

15 

[0192] 

Electrostatic chucking: A voltage of 700 V DC was applied across the electrode and a silicon wafer to attract the 2 
inches silicon wafer to the surface of the dielectric ceramic. 
20 Heating: The heater was powered to start heating from 0 C, and the wafer surface was heated to 100 C in 25 sec- 

onds. 

Cooling 

25 [0193] After turning off the heater, water cooling was started. The wafer surface was cooled down to 15 C in 40 sec- 
onds. 

Holding 

30 [01 94] Surface temperature of the silicon wafer was maintained at 50 C±1 C by combining heater operation and water- 
cooling. 

[0195] It was verified that the present invention is capable of quickly heating and cooling a silicon wafer and keeping 
the temperature constant. 

35 Example 10 (Structure of Rg. 26) 

[0196] The induction chucking mechanism: An aluminum nitride disk (50 mm in diameter, 2 mm thick) with a tungsten 
electrode film sintered therein at the same time was used. 

40 Heating mechanism: 

[0197] A heater circuit of electric-heating alloy (Si-15%Ti alloy) was printed on the aluminum nitride surface on the 
back (non-attracting side) of the aluminum nitride disk incorporating the electrode film therein. An aluminum nitride disk 
(50mm in diameter, 1mm thick)was put on the printed surface and heated to 1430 C in vacuum so that the aluminum 
45 nitride disk incorporating the electrode film and the aluminum nitride disk were fused together. Thickness of the electri- 
cally heat generating alloy film was about 100 micro meter. 

Structure of cooling mechanism: 

50 [0198] A grove of spiral structure for circulating cooling medium was machined on one side of an aluminum disk (50 
mm in diameter and 25 mm thick) and covered with an aluminum disk (50 mm in diameter and 5 mm thick) which was 
brazed (with aluminum solder), to make a cooling jacket. 

[Coupling with the cooling mechanism] 

55 

[0199] A Mo plate (50 mm in diameter and 1 mm thick) was interposed between the aluminum nitride heater and the 
cooling mechanism for stress relieving. The aluminum nitride heater and Mo, and Mo and the cooling mechanism were 
bonded with indium solder. 
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[Test] 
[0200] 

5 Electrostatic chucking: A voltage of 700 V DC was applied across the electrode and a silicon wafer to attract the 2 

inches silicon wafer to the surface of the dielectric ceramic. 

Heating: The heater was powered to start heating from 0 C, and the wafer surface was heated to 1 00 C in 25 sec- 
onds. 

10 Cooling 

[0201] After turning off the heater, circulation of water through the aluminum jacket was started. The vyafer surface 
was cooled down to 1 5 C in 50 seconds. 

75 Holding 

[0202] Surface temperature of the silicon wafer was maintained at 50 C±1 C by combining heater operation and water- 
cooling. 

[0203] It was verified that the present invention is capable of quickly heating and cooling a silicon wafer and keeping 
20 the temperature constant. 

[INDUSTRIAL APPLICABILITY] 

[0204] . As described above in detail, the electric heating element of the present invention comprises an electrically 
25 heat generating mechanism having a composite structure where an electric-heating material film made of silicide. Si or 
a mixture of silicide and Si is fused to the ceramic substrate. Thus, the present invention has a high industrial value by 
solving the problems that the electric-heating material is brittle and softens at a high temperature are mitigated, and 
provides a thin heater film for higher adhesion strength which prevents peel-off, higher oxidation resistance in air atmos- 
phere, high durability to quick heating and high temperatures, long-term durability and simple construction for low-cost 
30 production. 

[0205] The electrostatic chuck of the present invention is also capable of raising and lowering the surface temperature 
of a semicorxluctor substrate in a short period of time, and is capable of contributing greatly to the improvements of pro- 
ductivity and quality in plasma processing, film forming processes, etc. 

35 Claims 

1. An electric heating element having a structure comprising; 

an electric insulating nitride or carbide ceramic substrate and 
40 an resistance heat-generating material film having a microstructure including a silicide alone, a mixture of a sil- 

icide and Si, or Si alone, 

said film being fused to the surface of said electric insulating ceramic substrate. 

2. An electric heating element having a structure comprising; 

45 

an electric insulating ceramic substrate and 

an resistance heat-generating material film containing an active metal in the amount of not less than 0.5% and 
having a microstructure including a silicide alone or a mixture of a silicide and Si, 
said film being fused to the surface of said electric insulating ceramic substrate. 

so 

3. The electric heating element according to claim 1 or 2. wherein the ceramic substrate is an aluminum nitride 
ceramic and the electrically heat-generating material has a microstructure including a mixture of silicide and Si. 

4. The electric heating element according to claim 1 or 2. wherein the ceramic substrate is a silicon nitride ceramic 
55 and the electrically heat-generating material has a microstructure including a mixture of a silicide and Si. 

5. The electric heating element according to claim 1 or 2, wherein the ceramic substrate is a silicon carbide ceramic 
and the electrically heat-generating material has a microstructure including a mixture of a silicide and Si. 
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6. The electric heating element according to claim 2. wherein the ceramic substrate is an oxide ceramic. 

7, The electric heating element according to claim 6. wherein the oxide ceramic is an alumina ceramic and the elec- 
trically heat-generating material has a microstructure including a silicide. 

8 An electrostatic chuck having a structure comprising an electrostatically chucking mechanism provided with a die- 
lectric ceramic and an electrode formed on the bottom face of said dielectric ceramic, and a heating mechanism 
coupled with the bottom face of said electrostatically chucking mechanism, said heating mechanism having a struc- 
ture comprising two electric insulating ceramic substrates having the same or nearly the same linear expansion 
coefficients and a fusable electric-heating material film interposed between said substrates, said film being fused 
to said substrates. 

9. An electrostatic chuck for semiconductor substrate, which has a structure comprising an electrostatically chucking 
mechanism provided with a dielectric ceramic and electrodes formed on the bottom face of said dielectric ceramic, 
a heating mechanism coupled with the bottom face of said electrostatically chucking mechanism, and a cooling 
mechanism coupled with the bottom face of said heating mechanism, said heating mechanism having a structure 
comprising two electric insulating ceramic substrates having the same or nearly the same linear expansion coeffi- 
cients and a fusable electric-heating material film interposed between said substrates, said film being fused to said 
substrates. 

10. The electrostatic chuck according to claim 8 or 9. wherein the dielectric ceramic and two ceramic substrates of the 
heating mechanism are respectively an aluminum nitride ceramic. 

11. The electrostatic chuck according to claim 10. wherein the electric-heating material is a metal having a microstruc- 
ture including a mixture of silicide and Si. 
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